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Introduction:  Proprioception  makes  a critical  contribution  to body  balance.  The  objective  of  this  study
was  to evaluate  static  postural  control  after anterior  cruciate  ligament  (ACL)  reconstruction  combined
with  medial  meniscus  (MM) suture,  comparatively  to healthy  controls.
Hypothesis:  Body  balance  is  adversely  affected  2  months  after  ACL  reconstruction  combined  with  MM
suture.
Patients  and methods:  Fifteen  patients  (12 males  and  3 females)  aged  20 to  35 years  (mean,
26.4  ± 6.0 years)  who  underwent  ACL  reconstruction  with  MM  suture  were  compared  to  20  healthy,
physically  active  controls  (16  females  and 4 males)  aged  19 to  23  years  (mean,  21.1  ± 1.8  years),  most  of
whom were  physiotherapy  students.  Mean  age  was  not  signiﬁcantly  different  between  the  patients  and
controls.  A  balance  platform  was  used  to estimate  static  postural  control  parameters.  Each  participant
performed  four tests,  two  in  normal  bipedal  stance  and two  in  tandem  stance;  in  each  stance,  one  test
was  done  with  the eyes  open  and  the  other  with  the  eyes  closed.  We  analysed  global  scores  on  a  stan-
dardised  100-point  scale  and mean  centre  of  pressure  (COP)  displacement  velocity  in the  sagittal  and
frontal  planes.
Results: Body  balance  was  impaired  2 months  after  ACL  reconstruction  with  MM  suture.  Thus,  the  patients
had  lower  global  scores  and  higher  mean  COP  velocities  in  both  the  coronal  and  sagittal  planes.
Conclusions:  Proprioception  is  impaired  after  ACL  reconstruction  with  MM suture.  Lack  of  visual  control
signiﬁcantly  decreases  the ability  to  maintain  balance.  A balance  platform  is  a  useful diagnostic  tool  for
patients with  ACL  reconstruction  and  MM suture.
Level of evidence:  Level  II.
© 2015  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
One of the most frequently damaged structures in the knee is the
nterior cruciate ligament (ACL), particularly in young people who
re physically active. Ligament injuries are usually accompanied
ith damage to one or both menisci and/or to the articular cartilage.
njuries are 5 times more common in the medial meniscus (MM)
han in the lateral meniscus. In most cases, injuries of the ACL and
M  result in impaired knee proprioception [1].
∗ Corresponding author at: Department of Pathophysiology of Locomotor
rgans, Karol Marcinkowski University of Medical Sciences, Wiktor Dega Clinical
rthopaedic and Rehabilitation Hospital, 28 Czerwca 1956r. No. 135/147, 61-545
oznan´,  Poland. Tel.: +48 618 310 230; fax: +48 618 310 230.
E-mail address: zpnr@wp.pl (J. Huber).
http://dx.doi.org/10.1016/j.otsr.2015.07.015
877-0568/© 2015 Elsevier Masson SAS. All rights reserved.The concentration of the mechanoreceptors involved in pro-
prioception is highest in the posterior corner of the MM and at
the proximal and distal attachments of the cruciate ligaments to
the bones [2–6]. Proprioception is the sense not only of current
joint position (static proprioception), but also of joint movement
(kinaesthesia), independently from vision. Proprioception allows
the control of muscle tension and stretch [7–9]. Injuries to liga-
ments, one or both menisci, and/or the articular cartilage in the
knee cause partial damage to the mechanoreceptors contained in
these structures, thereby inducing disorders in both static pro-
prioception and kinaesthesia [7,10,11]. Another consequence is
mechanical instability, which can further impair body balance
[1,12]. Therefore, ACL and MM injuries usually require both surgical
treatment and specialised rehabilitation emphasising propriocep-
tion training [13].
Impairments in the sense of static and dynamic joint position
after knee surgery may  adversely affect the ability to accomplish
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otor tasks [10]. Patients may  report a sensation of knee instability
ue to proprioceptive deﬁcits even after surgical reconstruction of
he damaged structures [7,11]. The result may  be functional impair-
ents and progressive damage to other knee structures, with an
dverse impact on activities of daily living. After knee surgery, the
evel of patient satisfaction is often lower than expected based on
he results of objective functional tests [10,11].
Studies indicate that the most accurate method for assessing
roprioception is the use of a stabilometric or vibration platform
o evaluate balance. This highly sensitive method allows the detec-
ion of subtle balance disorders indicating proprioception deﬁcits
fter knee trauma or surgery. Postural control is assessed based on
he centre of pressure (COP) applied by the feet to the platform.
 key parameter used to evaluate balance is COP displacement in
he coronal plane (medio-lateral displacement or X movement) and
agittal plane (antero-posterior displacement or Y movement).
No conclusive evidence has been reported that ACL reconstruc-
ion and MM suture affect postural control [14].
The aim of this study was to assess static postural control in
atients 2 months after ACL reconstruction combined with MM
uture, comparatively to healthy volunteers. The patients did not
eceive rehabilitation therapy during the 2-month postoperative
eriod. The working hypothesis was that static postural control was
mpaired 2 months after ACL reconstruction and MM suture.
. Patients and methods
The study complied with the Declaration of Helsinki. The Bioeth-
cal Committee of the University of Medical Sciences in Poznan´
pproved the study protocol, including the part involving healthy
olunteers. Before study inclusion, each patient provided written
nformed consent to participation in the study and publication of
he results.
.1. Participants
Initially, 50 patients with knee injuries were considered for
ligibility. Based on the medical history and physical ﬁndings,
5 patients were selected for study inclusion. Inclusion criteria
onsisted of negative results, 2 months after surgery, of the follow-
ng tests for ACL and MM function: anterior drawer test, Steinman
 and II tests, McMurray test, and Lachman test. Exclusion crite-
ia were extension lag of the operated knee, pain anywhere in the
ody (particularly in the lower limbs), degenerative and/or inﬂam-
atory disease of the joints and/or spine, neurological disorders,
nd mental disorders.
There were 12 males and 3 females aged 20 to 35 years (mean,
6.4 ± 6.0 years). The lesions were nearly evenly divided between
he right and left knees, and all patients had a unilateral meniscal
njury consisting of an unstable full-thickness vertical tear longer
han 10 mm  or a bucket-handle tear in the MM.  All 15 patients
nderwent arthroscopic anatomical single-bundle ACL reconstruc-
ion performed by a single surgeon. A four-strand semi-tendinosus
endon autograft was harvested and positioned at the centre of the
natomical ACL attachment site after the torn ligament remnants
ere shaved off. A femoral tunnel was drilled through the antero-
edial portal, and a tibial tunnel was created midway between the
ntero-medial and postero-lateral bundles. Fixation in the femoral
unnel was with an ACL TightRope® (Arthrex, Naples, FL, USA)
nd ﬁxation in the tibial tunnel with a Bioabsorbable RetroScrew®Arthrex). The MM lesion was repaired using the FasT-Fix® suturing
ystem (Smith & Nephew, London, UK) with the all-inside tech-
ique. Postural control was assessed nearly 2 months after surgery,
nd the patients received no rehabilitation therapy in the interval.Surgery & Research 101 (2015) 807–810
The control group comprised 20 healthy, physically active,
volunteers, most of whom were physiotherapy students. There
were 16 females and 4 males aged 19 to 23 years (mean age,
21.1 ± 1.8 years). None had a history of knee injury. Anthropometric
characteristics were similar in the patient and control groups.
2.2. Study design
Balance tests were performed in the patients 2 months after
ACL reconstruction with MM suture and in the healthy controls at
the Department of Rheumatology and Rehabilitation of our institu-
tion, between 1 October 2012 and 1 April 2013. A balance platform
(Good Balance system, Metitur Oy, Jyvaskyla, Finland) was used to
evaluate static postural control by performing four tests, two  in
the normal bipedal stance and two  in the tandem stance. For each
stance, one test was  done with the eyes open and the other with the
eyes closed. In the normal bipedal stance, the individual was  in the
relaxed standing position with the arms hanging by the sides, the
head facing forwards, and the feet parallel and 20 cm apart. Each
test in this stance lasted 30 seconds. In the tandem stance, one foot
was positioned exactly behind the other, with the arms hanging
by the sides and the head facing forwards; body weight was on
the back foot, which was  the right foot in the controls and the foot
on the operated side in the patients. Each test in this stance lasted
20 seconds.
Before testing, each participant received brief instructions about
the testing procedure and performed a trial of each test. The same
experienced physiotherapist carried out all tests.
2.3. Study variables
The independent variables were the characteristics of the par-
ticipants in the two groups. The dependent variables included the
score on a 100-point scale based on a random sample of 8000
individuals aged 30 years or over. To broaden the age spectrum
for which reference data were available, a sample of younger
individuals (8–29 years) was  used also (application in the Meti-
tur software). All scores were adjusted for body height. The other
dependent variables were the mean velocities of COP  displacement
in the coronal plane (X movement) and sagittal plane (Y movement)
in the patients and controls.
2.4. Statistical analysis
The data were described as mean ± SD and as maximum and
minimum values in each of the two  groups. The values of the
dependent variables (score on the 100-point scale and X and Y
movement velocities) were compared between the two groups
using the Mann-Whitney test. Values of P < 0.05 were considered
statistically signiﬁcant.
3. Results
Static postural control was  signiﬁcantly impaired in the patients
compared to the controls. Thus, the score on the 100-point scale
was signiﬁcantly worse in the patient group under all four tests
conditions (Table 1).
In addition, mean velocities of COP displacements in the coronal
plane (X movement) and sagittal plane (Y movement) were sig-
niﬁcantly higher in the patients than in the controls in both the
normal bipedal stance and the tandem stance (Table 2). In both
groups, velocities were higher in the normal bipedal stance than
in the tandem stance and with the eyes closed than with the eyes
open. Thus, in both groups, postural control was worst in the tan-
dem stance with the eyes closed. Finally, velocities were higher in
K. Parus et al. / Orthopaedics & Traumatology: 
Table  1
Scores on the 100-point scale in the study and control groups. All differences were
signiﬁcant at P ≤ 0.05.
Test Patients
mean ± SD
(min–max)
Controls
mean ± SD
(min–max)
Normal standing EO 56.6 ± 24.3
(18–90)
70.9 ± 16.2
(32–94)
Normal standing EC 29.3 ± 13.7
(17–54)
51.3 ± 24.3
(18–93)
Tandem EO 60.5 ± 25.0
(23–91)
80.7 ± 10.4
(53–95)
Tandem EC 19.1 ± 9.1 25.6 ± 17.2
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O: eyes open; EC: eyes closed.
he sagittal plane (Y movement) than in the coronal plane (X move-
ent) in the normal bipedal stance, whereas the opposite occurred
n the tandem stance.
. Discussion
Balance can be evaluated by using a computerized platform
ontaining sensors that measure the distance and velocity of COP
isplacements in the coronal and sagittal planes [15]. Knee injuries
nd knee surgery cause damage to part of the mechanorecep-
ors needed to collect proprioceptive information. The result may
e impairments in static stability [1,8] manifesting as large COP
isplacements in the coronal and sagittal planes during balance
latform testing. Studies suggest that impaired knee propriocep-
ion may  increase the risk of micro-trauma, thereby leading to early
egenerative knee lesions [12,16].
In our study, static postural control was  impaired among
atients who had had ACL reconstruction and MM repair, com-
ared to healthy controls. COP displacements were greater in
andem than in normal bipedal stance in both groups, reﬂecting
he decreased stability when the feet are placed one behind the
ther instead of side by side at a distance of 20 cm.  Two strategies
an be used to maintain the body in a stable upright position, the
nkle strategy and the hip strategy [17–19]. The ankle strategy is
sed predominantly during quiet, bipedal standing with the feet
arallel to each other and results in antero-posterior (sagittal) COP
isplacements [20]. In the tandem stance, the hip strategy takes on greater role [18,19] and causes medio-lateral (coronal) COP dis-
lacements. However, clear quantitative separation of the role for
he two strategies in maintaining balance in a speciﬁc position is
xtremely difﬁcult to achieve [21]. Acontributor to the decreased
able 2
ean velocities of centre of pressure (COP) displacement in the coronal plane (X movem
nd  controls.
X movement velocity
mean ± SD
(min–max)
Test Patients Controls P va
Normal standing EO 3.89 ± 1.48
(1.9–7)
3.05 ± 1.26
(0–6.9)
0.0
Normal standing EC 5.01 ± 1.31
(2.7–7.6)
3.72 ± 2.03
(0–7.4)
0.0
Tandem EO 15.27 ± 5.82
(7.7–25.2)
11.98 ± 4.25
(0.1–20.4)
0.0
Tandem EC 34.24 ± 8.63
(11.1–46.3)
27.58 ± 10.03
(0.2–40.9)
0.0
O: eyes open; EC: eyes closed.Surgery & Research 101 (2015) 807–810 809
stability in tandem stance may  be the shorter time to exhaus-
tion when using the hip strategy, which requires contraction of
the adductor muscles, compared to the ankle strategy. The tandem
stance replicates the dual support phase of the gait cycle, suggesting
that knee injury and knee surgery may  increase the risk of falling
while walking.
One study compared patients 3 years after ACL reconstruction
and healthy controls. Postural control was  assessed in both the
one-legged and the two-legged stance, on stable and unstable plat-
forms, with the eyes open and closed [12]. COP displacement was
greater in response to perturbations in the sagittal than in the coro-
nal plane, particularly for backwards movements. Furthermore,
coronal COP displacements were larger in the patients than in the
controls.
Whether ACL reconstruction combined with MM suture affects
postural control is debated [7,8,12,22–24]. In two  studies, patients
with ACL reconstruction alone exhibited no static or dynamic bal-
ance impairments when standing on the operated leg, compared to
controls [7] [8]. Similarly, postural control in one-legged and two-
legged stance showed no signiﬁcant differences between patients
with ACL reconstruction and controls in two other studies [12]
[22]. Postural control was  not impaired in 27 patients with iso-
lated unilateral meniscus lesions [23], suggesting that other lesions
should be sought in patients with meniscus injuries and knee insta-
bility. However, the normal postural control in this study may be
ascribable to improvements in neuromuscular control induced by
rehabilitation therapy or to spontaneous recovery of propriocep-
tion. Another possibility is that increased activation of muscles
acting on the hip and ankle compensated for the dynamic knee
instability due to injury-related quadriceps muscle weakness [25].
Many other studies obtained ﬁndings consistent with ours
[1,14,26]. Compared to healthy controls, patients tested 2 weeks
after ACL reconstruction had impaired postural control in the one-
legged and the two-legged stance with the eyes open [27]. Postural
control was also impaired after ACL reconstruction when stand-
ing on the injured leg under static [1] or dynamic [14] conditions.
Finally, postural control when standing on the injured leg 2 years
after ACL reconstruction was impaired in 26 patients compared to
age- and activity-matched healthy controls [26].
In our study, having the eyes closed was  associated with a
decrease in postural stability in both the patient and the control
group. This ﬁnding emphasizes the major role for vision in balance.
Previous studies obtained similar results [14,28].
Future studies could improve the accuracy of balance assess-
ments by using not only computerized platforms, but also methods
such as neurophysiology and dynamometry.
ent) and sagittal plane (Y movement) with the eyes open or closed, in the patients
Y movement velocity
mean ± SD
(min–max)
lue Patients Controls P value
396 5.1 ± 1.47
(3.3–8.1)
4.24 ± 1.45
(0.1–6.3)
0.0468
197 9.16 ± 2.86
(6.7–15.6)
7.28 ± 3.03
(0.1–12)
0.0359
308 13.81 ± 3.67
(9.3–21.9)
10.94 ± 3.86
(0.1–20)
0.0166
473 28.26 ± 7.02
(9.6–36.7)
22.04 ± 8.74
(0.2–35.1)
0.0305
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. Conclusions
Proprioception and static postural control are impaired after
CL reconstruction and MM repair. The most likely explanation is
oss of mechanoreceptors due to both the injury and the surgical
rocedure, with diminished neuromuscular control of knee stabil-
ty as a result. Balance platform testing is useful for diagnosing
ostural control impairments. The absence of visual control con-
iderably decreases the ability to maintain balance, especially after
CL reconstruction and MM repair. The study results support our
orking hypothesis that balance is impaired 2 months after ACL
econstruction combined with MM repair.
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